Fourteen 24-month-old castrated crossbred bulls (Luxi × Limousin) weighing 504.7±15.6 kg were used to study the effect of feeding soyabeans with different particle size on fatty acid composition of longissimus dorsi muscle, backfat and liver. The cattle were divided into three groups with 5, 5 and 4 bulls in groups 1, 2 and 3, respectively. The cattle were fed diets containing 69.4 kg dry matter finely ground roasted soyabeans, coarsely ground roasted soyabeans, or roasted whole soyabeans as Treatments 1, 2 and 3, respectively. The cattle were slaughtered at the end of the 28-day experiment and longissimus dorsi muscle, backfat and liver were sampled for fatty acid analysis.
INTRODUCTION
In recent years, people have become increasingly interested in healthy foods, especially in health-promoting products. The adverse effects of total fat and saturated fatty acid contents of beef became an incentive for producing beef containing higher proportions of conjugated linoleic acid (CLA) (Beaulieu et al., 2002) . Ritzenthaler et al. (2001) reported that nearly 30% of the American consumer's intake of CLA was derived from beef products. CLA denotes a group of positional and geometric isomers of octadecadienoic acids with conjugated double bonds that are naturally occurring fatty acid in foods derived from ruminants. Some CLA isomers, especially cis-9, trans-11 conjugated linoleic acid (c9t11-CLA), have been identified as having anticarcinogenic (Ip et al., 1999) properties. Another CLA isomer, namely trans-10, cis-12 conjugated linoleic acid (t10c12-CLA), seems to have antiobesity properties (West et al., 2000) and might lower milk fat concentration (Baumgard et al., 2000) . For these reasons, increasing the CLA content of foods may increase their nutritive and therapeutic values. Furthermore, CLA is also a component of ruminant fat that is applicable in redesigning foods because biomedical studies with animal models have demonstrated a number of beneficial health effects (Whigham et al., 2000) . For years, scientists have done much research on this product of rumen biohydrogenation of polyunsaturated fatty acids Szumacher-Strabel et al., 2004) .
Some trials have been performed on how to increase the content of CLA and other beneficial fatty acids in beef (Noci et al., 2005) . In addition, some attempts have also been made to modulate the fatty acid composition of milk fat through manipulating diets of dairy cows to increase CLA content in milk (Gonthier et al., 2005) . Nevertheless, most studies have focused on modulating the fatty acid composition in dairy cows through dietary manipulation and some results have indicated that this approach may also increase the CLA content in beef (Dhiman et al., 1999) . Enhanced levels of CLA in body fat were observed in grazing cattle (French et al., 2000) .
CLA is the intermediate product of hydrogenation of 18:2 and 18:3 fatty acids in the rumen. The production and accretion of CLA can be increased by feeding diets high in linoleic acid to cattle (Parodi, 1999) . Some trials have been conducted to investigate the effect of supplementation of vegetable oil on the CLA content of muscle in sheep . Although vegetable oils are rich in certain fatty acids that serve as precursors of CLA, they are not used as dietary supplements for beef cattle because large amounts of polyunsaturated fatty acids are toxic to rumen microorganisms and this may cause a reduction in fermentation rate and microbial protein yield. Processed soyabeans, rich in linoleic acid, could avoid the adverse effects mentioned above and remarkably increase the CLA content of milk from dairy cows (Chouinard et al., 2001) . However, few studies using similar feeding strategies for manipulating the content of CLA and other fatty acids in beef have been conducted.
The objective of the experiment was to study the effect of roasted soyabeans with different particle size on the content of CLA and other fatty acids in the longissimus dorsi muscle, backfat and liver of beef cattle.
MATERIAL AND METHODS

Treatment of soyabeans and formulation of diets
Soyabeans were roasted for approximately 10 min at 240°C to inactivate antinutritional factors. Subsequently, the roasted soyabeans were milled to pass through a 1 mm sieve (finely ground) or 3 mm sieve (coarsely ground), respectively.
The experimental diets were formulated based on the contents of dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE), neutral detergent fibre (NDF) and fatty acids, which were determined before the experiment. The net energy (NE) was calculated according Cao (2008) based on gross energy (GE); C18:1 refers to the sum of C18:1 isomers and C18:3 refers to the sum of all the positional isomers of C18:3 to Cao (2008) based on the gross energy (GE). The components and nutrients content as well as the fatty acid content of the experimental diets are shown in Table 1 .
Animals, feeding and management
Fourteen 24-month-old castrated male Luxi × Limousin crossbred cattle with an average liveweight of 504.7 ± 15.6 kg were used as experimental animals. The cattle were randomly assigned to 3 groups with 5, 5 and 4 bulls in groups 1, 2 and 3, respectively, which were fed with diets containing 69.4 g/kg DM finely ground soyabeans, coarsely ground soyabeans or whole soyabeans as Treatments 1, 2 and 3, respectively.
The feeding and management of the cattle were according to the "Administration Regulation on Laboratory Animals of the Beijing Municipality" (passed by the Standing Committee of the Beijing Municipal People's Congress: the Administrative Department of Beijing Municipal Science and Technology, 2002).
All cattle were given an anthelmintic (produced by Sichuan Qiquan Animal Pharmaceutical Co., Ltd., Suining, China) twice a day by mixing it into the diets, at a dosage of 25 g per animal for 4 successive days to destroy intestinal parasites before the experiment started. The cattle were fed with total mixed rations (including the soyabean products) in two equal meals, at 7.00 and 17.00 each day during the experimental period, respectively. Drinking water was given twice a day after feeding.
The experiment lasted 28 days. The cattle were weighed and recorded at the begining and at the end of the experiment in the morning before feeding. The feeds left were collected and weighed every day during the experimental period for the determination of daily feed intake.
Slaughter trial and sampling
At the end of the experiment, the cattle were slaughtered after an overnight fast. Tissue samples of longissimus dorsi muscle, backfat and liver were obtained. All of the samples were immediately frozen in liquid nitrogen and then transferred to a freezer at -70°C until analysis.
Determinations and chemical analysis
GE of the feed samples was determined using an oxygen bomb calorimeter according to Zhang (2003) . The DM, CP, EE, NDF and ash were determined according to AOAC (1990) . Organic matter (OM) was calculated based on the ash content.
The lipids of the tissue samples were freeze-dried according to the procedure used by Bligh and Dyer (1959) . The longissimus dorsi muscle, backfat and liver were analysed for fatty acid composition by gas chromatography according to the method developed by Sukhija and Palmquist (1988) . The extracted lipids were methylated with 0.5 M sodium methoxide in methanol for 10 min at 50°C followed by an excess of 5% methanolic HCl (acetyl chloride in methanol; Christie, 1993) at 80°C for 10 min according to the modified procedures of Sukhija and Palmquist (1988) and Kramer et al. (1997) . These modifications included using hexane as a solvent instead of benzene and adding 5 ml of 6% K 2 CO 3 after incubation with 5% methanolic HCl. The fatty acid methyl esters were analysed on a Hewlett Packard 6890 (Agilent Technologies, Mississauga, Ont, Canada) gas chromatograph equipped with a 6890 series autosampler, Omegawax 320 fused silica capillary column (30 m × 0.32 mm i.d. × 0.5 μm film thickness), FID detector, and integrated with Agilent Chemstation software version A. 8.03. The operating conditions were: oven temperature, 220°C for 10 min then 10°C/min to 250°C and hold for 5 min; injection port temperature, 250°C; detector temperature, 250°C; 1 μl split injection volume with H 2 carrier gas (25 cm/s) and a split ratio of 50:1. Methyl ester standards (Nu-Chek-Prep, Elysian, MN, USA; Matreya, Pleasant Gap, PA, USA) were used to identify peaks.
Calculation and statistical analysis
Liveweight gain = (W 2 -W 1 )/D where: W 1 -initial liveweight, kg; W 2 -final liveweight, kg; D -days of feeding.
The content of fatty acids in tissue was calculated as follows:
where: P i -content of specific fatty acid, g/kg; W i -weight of specific fatty acid in serum or body tissues, g; W t -total weight of fatty acids in serum or body tissues, g. Data were analysed using the ANOVA procedure of SPSS (Version 10.0). Differences were considered to be significant at P<0.05 and highly significant at P<0.01. (Table 2) indicate that no significant differences in daily intakes of DM, OM, EE, CP, NDF, NE and fatty acids were found among different treatments (P<0.05). The results also show that there were no significant differences in initial weight, final weight or ADG among different treatments (P>0.05). 13499.5 ± 2394.9 14238.7 ± 2262.3 14416.4 ± 2150.6 note: C18:1 refers to the sum of C18:1 isomers and C18:3 refers to the sum of all the positional isomers of C18:3
RESULTS
Nutrient intake and daily gain. The results
Fatty acid composition in the longissimus dorsi muscle. The content of c9t11-CLA in Treatment 2 was significantly higher than that in Treatment 3 (P<0.05), whereas the content of t10c12-CLA in Treatment 2 was significantly lower than that in Treatments 1 and 3 (P<0.05). The content of total CLA in Treatment 2 tended to be higher than in Treatments 1 and 3, but the difference did not reach a significant level (P>0.05). The contents of C18:3, C18:2 n-6 and C18:0 in Treatment 1 were significantly higher than those in Treatment 2 (P<0.05) while the content of C18:1 in Treatment 2 was higher than that in Treatment 1.
Fatty acid composition in backfat. No differences were found in the contents of c9t11-CLA, t10c12-CLA, total CLA, C18:3 and C18:2 n-6 among different treatments (P>0.05). The content of C18:1 in Treatment 3 was significantly higher than that in Treatment 1 (P<0.05), while the content of C18:0 in Treatment 1 was significantly higher than that of Treatments 2 and 3 (P<0.05).
Fatty acid composition in liver.
It was found that the contents of c9t11-CLA and total CLA in Treatment 3 were significantly higher than those in Treatments 1 and 2 (P<0.05), while no difference in the concentration of t10c12-CLA among different treatments and in the content of c9t11-CLA and total CLA were found between Treatments 1 and 2 (P>0.05). No differences were found in the contents of C18:3 and C18:2 n-6 among different treatments (P>0.05). The content of C18:1 in Treatment 3 was significantly higher than that in Treatments 1 and 2 (P<0.05) while the concentration of C18:0 in Treatment 1 was higher than that in Treatment 3 (P<0.05), but no difference was found between Treatments 1 and 2 (P>0.05).
DISCUSSION
The average daily gain (ADG) of Treatment 2 tended to be higher than that in Treatments 1 and 3 but the difference did not reach the level of significance. The reason for the results could be that finely ground soyabeans might have some inhibitive effect on rumen microorganisms since soyabeans are rich in fatty acids, while whole soyabeans might not be effectively digested by cattle, therefore resulting in lower ADG. The feeding experiment lasted only 28 days and this might be an important reason that the difference between different treatments did not reach significance. A longer feeding experiment may be necessary to obtain significant results.
It can be seen in Tables 1 and 2 that the dietary content and daily intake of C18:2 n-6 and C18:3 were very high, whereas the contents of C18:2 n-6 and C18:3 were relatively low. The results indicate that a large proportion of unsaturated fatty acids was transformed to C18:1 or C18:0 in rumen biohydrogenation or in tissue metabolism. Previous studies have demonstrated clearly that little doublebonded unsaturated fatty acids such as CLA flow out of the rumen, while the outflow of trans-11 C18:1 is 20 times greater than that of CLA in steers fed typical finishing diets (Sackmann et al., 2003) . The results in the present experiment are in agreement with those mentioned above.
CLA is an intermediate product in the process of rumen biohydrogenation of unsaturated fatty acids (Parodi, 1999) , while endogenous synthesis of CLA in tissues has been shown to account for more than two thirds of c9t11-CLA in milk fat of dairy cows (Corl et al., 2001) . The synthesis of CLA in biohydrogenation is influenced by available precursors such as linoleic acid. Soyabeans contain a high level of fatty acids, especially linoleic acid, and therefore should improve CLA synthesis in rumen biohydrogenation. Finely ground soyabeans would increase the interface between rumen microorganisms and soyabeans, making more precursors available for the synthesis of CLA, whereas unsaturated fatty acids would inhibit the activity of rumen microorganisms, resulting in less CLA synthesis. The results in the present experiment indicate that total CLA in longissimus dorsi muscle, backfat and liver in Treatment 1 was between that of Treatments 2 and 3. Rumen bacteria involved in biohydrogenation can be divided into groups A and B (Kemp et al., 1984) , in which group A bacteria are involved in reactions leading to trans-11 C18:1 formation and group B bacteria are predominantly involved in catalyzing the final step that converts trans-11 C18:1 to stearic acid (Harfoot and Hazlewood, 1988) . The particle size of soyabeans might have an important influence on rumen pH or passage rate of rumen digesta, which might consecutively alter the proportion and population of groups A and B bacteria, and in turn affect CLA synthesis.
Compared with the finely ground soyabeans, the whole soyabeans would have a smaller interface with rumen microorganisms. On one hand, this would decrease the available precursors for the synthesis of CLA. On the other hand, whole soyabeans would increase by-pass unsaturated fatty acids such as oleic acid and linoleic acid, which would in turn be utilized for CLA synthesis in tissues, therefore resulting in higher total CLA in Treatment 3 than that of Treatments 1 and 2.
The results in the present experiment show that the content of c9t11-CLA was higher than that of t10c12-CLA in all tissues. There could be two reasons for this. One could be that in rumen biohydrogenation of unsaturated fatty acids, the t11 pathway (synthesis of c9t11-CLA) is more effective than the t10 pathway (synthesis of t10c12-CLA). Another could be that Δ9-desaturase is relatively active in the adipose tissue of steers (Cameron et al., 1994) and mainly improves c9t11-CLA synthesis from trans-11 C18:1.
The results also showed that the total CLA of backfat was higher than that of longissimus dorsi muscle and liver, indicating that the adipose tissue was the major site for the synthesis of CLA compared with longissimus dorsi muscle and liver. The results might have been resulted from higher Δ9-desaturase activity in adipose tissue that improved c9t11-CLA synthesis from other unsaturated fatty acids.
CONCLUSIONS
It is concluded that the diet containing 69.4 g/kg DM roasted whole soyabeans tended to increase the total conjugated linoleic acid contents in backfat and liver of beef cattle. Longer feeding experiments are necessary to validate the effect.
